Primary leaves of intact plants of Phaseolus vulgaris and Vigna sinensis 7 to 9 days old were dipped in water for 2 minutes at 47.4 + 0.2 C and 48.7 + 0.5 C, respectively. Leaf ,growth was inhibited within the first 20 hours, and growth partially or completely recovered in a subsequent 20-hour period. Analysis of the glucolipid and j3-1,3-and ,-1,4-glucan synthetases showed that the most evident effects of heat shock were the severe inhibition of the synthesis of 3-1,4-glucosyl glycosidic linkages anid stimulation of 13-1,3-linkage synthesis. The particulate enzyme preparation was obtained as described earlier (9). Each leaf was ground in a modified KontesDuall tissue homogenizer with 0.5 ml of 0.1 M tris-HCl, pH 8, containing 4 mm Na2 EDTA and 1 mm dithiothreitol. After two centrifugations at 1,000g (maximum) for 5 min, the resulting supernatant solution was centrifuged at 25,000g (maximum) for 25 min. All centrifugation was at 0 C. The pellet was washed with 0.5 ml of buffer and finally suspended in 0.3 ml of buffer (Phaseolus) or 0.2 ml of buffer (Vigna). The incubation mixture of 0.2 ml final volume contained 4 ,umoles of MgCl2: 0.4 [tmole of Na.. EDTA; 10 ,umoles of tris-HCl, pH 8: 0.1 ,umole of dithiothreitol; 1 mg of cellobiose; and 0.05 nmole of UDP-'4C-glucose (about 320,000 dpm) for assaying the synthesis of /3-1,4-glucan (cellulose) and 1.16 nmoles of UDP-'4C-glucose (6 mm containing about 635,000 dpm) and 200 nmoles of UDPG (1 mM) for assaying the synthesis of ,/1, 3-glucan (callose). The specificity of these UDP-glucose concentrations has been determined (11 and unpublished data from this laboratory). Incubations were carried out at 25 C in a shaking bath for 5 min. After heating in a boiling water bath for 5 min, 1 mg of acid-swollen cellulose and 0.5 ml of H20 were added to each tube.
The stimulation appeared either immediately after treatment or within the first 20 hours and lasted at least 60 hours after treatment. Phaseolus plants reacted more intensely to the heat shock, reflecting a possible genetic difference in the response mechanisms.
Heat treatment of Phaseolus leaves results in a transitory inhibition of growth, along with an initial inhibition and a subsequent stimulation of lipid and 3-1 , 4-glucan syntheses (11) . Heat shock was also reported to induce a callose (/-1,3-glucan) accumulation in the injured tissues (19) . On the other hand, response of alfalfa to temperature stress was shown as genetically dependent (5) . It (6 mm containing about 635,000 dpm) and 200 nmoles of UDPG (1 mM) for assaying the synthesis of ,/1, 3-glucan (callose). The specificity of these UDP-glucose concentrations has been determined (11 and unpublished data from this laboratory). Incubations were carried out at 25 C in a shaking bath for 5 min. After heating in a boiling water bath for 5 min, 1 mg of acid-swollen cellulose and 0.5 ml of H20 were added to each tube.
The solutions were centrifuged at 10,000g (maximum) for 10 min, and the extracts were siphoned out. The pellets were resuspended in sequence in various solvents, followed by cen-trifugation at 10,000g (maximum), and each supernatant solution was siphoned off. The pellets were extracted twice more with 1 ml of hot water (temperature of boiling water bath) for 5 min, once with 1 ml of methanol-chloroform (2:1), once with 1 ml of methanol (this fraction was combined with the methanol-chloroform extract and the pooled fraction represents lipid) and twice with 1 ml of hot 1 N NaOH (temperature of boiling water bath) for 5 min. The pellets were finally washed with 1 ml of HaO (this wash was combined with alkali extract to form the alkali-soluble glucan fraction). Aliquots of 0.1 ml for the lipid extracts and 0.2 ml for the alkali extracts in 7 ml of Aquasol (New England Nuclear Corp.) were radioassayed in a Nuclear-Chicago 720 series liquid scintillation spectrometer. The alkali-insoluble residues (cellulose and callose) were dried in vacuo and the bottom 2 cm of the 3.5-ml glass centrifuge tubes were cut off, placed in 7 ml of Aquasol and counted as above. All data on radioactive glucose incorporation were given as dpm incorporated/ 5 min-100 jig protein.
Aliquots of 0.05 ml of enzyme preparation were treated for 10 min with hot 1 N NaOH, and the proteins were determined by the modified method of Folin-Ciocalteu.
Two factor analysis of variance was performed on all the individual data, converted to natural logarithms. 
RESULTS
The rate of leaf growth is significantly diminished within the first 20 hr after heat treatment (Table I ). In Phaseolus the heat-treated leaves grow at less than half the rate of untreated leaves for the first 20 hr, but after 40 hr the growth of treated leaves is only 23% less than that of the controls. In Vigna the growth of leaves of all sizes is even more inhibited, and there is a tendency for the larger leaves to grow less relative to their untreated controls than the smaller ones. Since the experimental design did not permit statistical analysis of the different size categories in Vigna, the significant of this trend cannot be determined. At the 40-and 60-hr sampling times the heattreated Vigna leaves were not significantly different from the controls in the growth increment for each interval.
The activity of glucolipid synthetase in both plants is significantly inhibited immediately after treatment (Table II) , but after 40 hr in the case of Phaseolus and both 40 and 60 hr with Vigna, the incorporation of label into lipid material is greater in the heat-treated leaves than in the controls. The substantial variability of these determinations is indicated by the fluctuations in control values with time and emphasizes the fact that only those differences which can be shown to be statistically significant should be considered valid.
At low substrate concentration the synthesis of alkalisoluble glucans in Phaseolus leaves is significantly inhibited immediately after heat treatment, while at high substrate concentration the heat treatment results in a significantly greater synthesis of these glucans (Table III) ; in Vigna there is a slight inhibition, but in both plants the activity is very substantially stimulated at later sampling times. This slowly expressed stimulatory effect of heat treatment is particularly apparent in Phaseolus where the effect of heat shock changes from an immediate inhibition to stimulation after 40 hr with low substrate concentration and where the activity of treated leaves increases more than 3-fold in the heat-treated leaves between 0 and 40 hr as compared with a slight decline in the controls. Similar highly significant increases in the synthesis of alkalisoluble glucans are observed with the lapse of time after treatment in the Vigna leaves with the largest differences being observed in the smaller leaves.
The synthesis of cellulose (as indicated by incorporation of label from low UDP-glucose concentrations) in Phaseolus leaves is dramatically inhibited by heat treatment when measured immediately after treatment (Table IV) . After 40 hr this activity is not significantly less than in the control leaves. Callose synthesis in Phaseolus, on the other hand, is stimulated immediately after treatment and after 40 hr is even higher relative to the control rate. In Vigna, callose synthesis is also stimulated, although most significantly in the smaller leaves, and the general tendency for increased rate of callose synthesis in treated leaves continued for up to 60 hr.
The protein content of the particulate enzyme preparation (Table V) is lower in heat-treated leaves than in the controls after 40 hr in Phaseolus and in Vigna at the 20-, 40-, and 60-hr samplings. The smaller leaves of Vigna appeared to be more susceptible to the decrease in protein content.
DISCUSSION
In Phaseolus leaves it is apparent that glucolipid synthesis is inhibited immediately after treatment (more at low concen- (7, 16) . Our data suggest that the most significant effect of heat shock is the stimulation of B3-1 ,3-linkage formation. This stimulation occurs even at low concentration of substrate which was proved under normal conditions to be suitable for preferential synthesis of 3-1 ,4-linkages (7, 10, 12, 16. 18) . From the above discussion, one may assume that the fraction called "cellulose" in the treated samples 40 hr after treatment is structurally different from that in the control and those immediately after treatment.
The effect on cellulose synthesis appears as an additional example of the more general inhibitory action of heat upon the cellular activities, i.e., phospholipid biosynthesis in leaves of Nicotiana rustica (3), Chl accumulation in seedlings of Colocynthis citrullus (8) and cell division in algae (13) . The stimulation of callose synthesis may be seen as a defense mechanism against water loss at high temperatures. It has been shown in Sax bean that moderate drought damages reproductive cells not protected by callose but does not cause dehydration of tetrad cells enclosed in callose "capsules." This was explained bv the high hygroscopicity of callose (2). It has been reported that heat treatment increases membrane permeability. Heat pretreatment was shown to induce a higher sensitivity to ethylene oxide in rice (17) . The fluorescent exudation from roots of soybean aand oat increases in heat-treated roots. The calculated activation energy of this process at 40 to 60 C corresponds with that of heat protein denaturation, and the exudation increase has been explained by the denaturation of certain membrane proteins which act as a barrier against exudation flux under normal conditions (14) . Pretreatment with chloramphenicol and ethanol prevented an increased thermal and salt sensitivity induced by heat shock, which suggests that the effect of thermal shock is complex, involving many aspects of the cell (4, 6, 14) . Our data also suggest that heat treatment affects membrane integrity, i.e., the structural proteins and/or the membrane-bound enzymes. The decrease in the amount of proteins from the particulate enzyme preparation, significant at 40 and 60 hr after treatment for Phaseolus and Vigna leaves, respectively, may indicate that after heat shock the membrane has a structure with a protein composition different from that before treatment.
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